1. Introduction
===============

Lupus nephritis (LN) occurs in almost 50% of systemic lupus erythematosus (SLE) patients, and viciously affects their prognosis.^\[[@R1]\]^ Proteinuria quantification is essential during the clinical evaluation of patients with glomerulonephritis, as it is among the strongest determinants of renal prognosis.^\[[@R2],[@R3]\]^ The "gold standard" test for proteinuria quantification is 24-hour urine proteinuria (24 hr UP) test.^\[[@R4]\]^ However, due to its inherited flaws, such as cumbersome and inaccuracy for the collection of 24-hours urine, it was replaced by detection of spot urine protein/creatinine ratio (uPCR) and urine albumin/creatinine ratio (uACR) in many guidelines of kidney disease.^\[[@R5]--[@R7]\]^ On the contrary, novel cytokines or chemokines have been recently reported to be correlated with LN renal damage.^\[[@R8]--[@R10]\]^ However, little has been reported about the role of cytokines or chemokines in the assessment of proteinuria.

Among those new candidates, monocyte chemoattractant protein 1 (MCP-1) is one of the most well studied one in LN. MCP-1 belongs to CC chemokine family that is mainly expressed by activated monocyte/macrophages, T cells, and natural killer cells. It is responsible for the leukocytes' infiltration to the kidney.^\[[@R11]\]^ Previous researches have demonstrated that MCP-1 levels in urine and serum of LN patients correlated well with LN disease activity.^\[[@R12],[@R13]\]^ Administrating antagonist of MCP-1 could ameliorate the initiation and progression of LN in transgenetic mouse model.^\[[@R14]\]^ These researches show that MCP-1 may be a promising biomarker for LN activity assessment as well as a target for LN therapy. However, MCP-1 may not be a specific marker for LN detection, as increased MCP-1 has also been found in diabetic nephropathy, atherosclerosis, etc.^\[[@R15]--[@R18]\]^ What is more, it is challenging to achieve both high specificity and sensitivity simply using 1 analyte, due to the heterogeneity of the LN at presentation. Satisfied renal damage assessment may not be achieved by referring to MCP-1 exclusively, but by the combination of other parameters.

In addition, TNF-like weak inducer of apoptosis (TWEAK) that belongs to the TNF receptor superfamily seems like another promising candidate for LN assessment. TWEAK level has been reported to be closely correlated with renal inflammation.^\[[@R19]\]^ TWEAK induces several nephritis-related inflammatory mediators, including Chemokine (C-C motif) ligand 5, Chemokine (C-X-C motif) ligand 10, and Vascular cell adhesion molecule-1, in the inflammatory cascade, which can cause downstream inflammatory response activation and further renal damage progression.^\[[@R20],[@R21]\]^ Several cross-sectional and longitudinal studies have mentioned that urinary TWEAK levels elevate in active LN patients compared with that of remission ones.^\[[@R13],[@R22]\]^ However, the combined utility of untimed uMCP-1 and uTWEAK still needs investigation.

In these regards, we analyzed uMCP-1 and uTWEAK levels in biopsy-proven LN patients, evaluate the combined utility of uMCP-1 and uTWEAK, and compared it with uACR in proteinuria detection.

2. Materials and methods
========================

2.1. Study design
-----------------

The study was approved by the ethics reviews committees of Xijing Hospital (No. 20110303--6). SLE patients fitting the 1997 updated American College of Rheumatology (ACR) revised criteria for the classification of SLE or 2009 modified ACR criteria^\[[@R23],[@R24]\]^ concomitant with renal impairment were recruited in Department of Clinical Immunology in Xijing Hospital from December 2015 to February 2016. Patients who had active infection, ongoing pregnancy, cancer, or diabetes were excluded. As the cortisone and immunosuppressive agents may cause fluctuation of inflammation mediators, to achieve reproducible results, patients who had already received induction therapy in previous 3 months were also excluded.

A total of 69 subjects, including 39 LN patients (median age: 30 years, range: 13--51 years; gender: 35 females, 4 males) and 20 non-LN SLE patients (median age: 45 years, range: 16--65 years; gender: 18 females, 2 males) and 10 HC (median age: 33 years, range: 16--55 years; gender: 8 females, 2 males) were enrolled in the study (Table [1](#T1){ref-type="table"}). Non-LN SLE patients were defined as patients who had SLE but no signs of kidney involvement recently and previously, and LN patients were defined as SLE patients with kidney involvement based on clinical manifestation as well as kidney biopsies. After signing informed consent forms, patients whose 24-hr UP exceed 300 mg/day underwent kidney biopsy surgery to make further confirmation of the existence of LN and classification according to the International Society of Nephrology/Renal Pathology Society Classification (ISN/RPS).^\[[@R25]\]^ The renal SLE disease activity index (rSLEDAI) score was measured according to the sum of scores of 4 components, naming proteinuria, urinary casts, hematuria, and leucocyturia in urine examination.^\[[@R12]\]^ rSLEDAI scores of ≥4 were reckoned as renal active and \<4 as inactive.^\[[@R26]\]^
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2.2. Samples collection and examination
---------------------------------------

All patients' samples were collected before induction therapy. Ten milliliters of untimed single urine samples from patients were collected and centrifuged at 900*g* to remove the sediment and stored in -40°C for less than 1 month before detecting. All blood samples and corresponding laboratory examinations were collected and carried out under standard protocols. The clinical parameters, including erythrocyte sedimentation rate (ESR), anti-dsDNA antibodies, 24-hr UP, antinuclear antibody (ANA), complement C3 (C3) and complement C4 (C4), anti-C1q antibodies, cystatin C (Cys-C), Creatinine (Cr), blood urea nitrogen (BUN), serum IgG, serum IgM, and serum IgA were detected. Radioimmunoassays were introduced to measure serum beta-2 microglobulin (sβ2MG), urinary beta-2 microglobulin (uβ2MG), uIgG, urinary albumin (uAlb), and urinary alpha-1 microglobulin (uα1MG).

2.3. Detection of uMCP-1 and uTWEAK
-----------------------------------

The concentrations of uMCP-1 and uTWEAK were measured by enzyme-linked immunosorbent assay (ELISA), according to the products' protocols (Neobioscience, Shenzhen, China). Briefly, the urinary samples and diluted recombinant human MCP-1 and TWEAK (8 different concentrations ranging from 0 to 1000 pg/mL) were pipetted into antibody pre-coated 96-well plates. Then, plates were incubated at 37°C for 90 minutes. After washing, detection antibodies were added and incubated for another 2 hours. Then, the plates were washed for 5 times before adding TMB. Incubation was conducted at 36°C for 15 minutes. Absorbance was read by Epoch (Biotek, Vermont) at 450 nm within 3 minutes. Variations within and between batch were all \<8% for both MCP-1 and TWEAK ELISA kit. Moreover, the minimum detection limits of the kits were 8 pg/mL. The uMCP-1 and uTWEAK levels were corrected to urine creatinine to avoid urine concentration variation, which expressed as picograms per milligram of creatinine (pg/mgCr). Each experiment has been repeated for at least 3 times.

2.4. Statistical analysis
-------------------------

The statistical analyses were conducted by SPSS 19.0 (IBM, New York). Graphs were drawn by GraphPad Prism 5. Enumeration data were presented as mean ± SD or median (range). Comparisons among different groups were carried out by Student *t* test or the analysis of variance (ANOVA) and Bonferroni multiple comparison test. Correlations between other traditional parameters and MCP-1 and TWEAK were carried out by Spearman ranking correlation. As spot uACR was proposed as a preferred method for measuring proteinuria in 2002 K/DOQI guidelines for chronic kidney disease, comparisons of the utility of uMCP-1/uTWEAK and uACR to predict proteinuria were evaluated by the area under the ROC curve (AUC) and Youden index. *P* value \<.05 was considerate significant.

3. Results
==========

3.1. Characterizations of patients
----------------------------------

Demographic and pathological characters are summarized in Table [1](#T1){ref-type="table"}. According to ISN/RPS classification, the pathological specimens of 39 patients demonstrated that 13 cases were classified into class II nephritis, 4 patients class III, 3 patients class III+V, 2 patients class IV, 2 patients class IV+V, 8 patients class V, 3 patients class V+III, and 4 patients class V+ IV (Table [1](#T1){ref-type="table"}).

3.2. Levels of uMCP-1 and uTWEAK in different groups
----------------------------------------------------

Both uMCP-1 and uTWEAK significantly elevated in LN patients (219.45 ± 192.08 pg/mgCr and 21.17 ± 19.63) compared with HC (12.34 ± 4.82 pg/mgCr, *P* \< .0001 and 5.94 ± 3.42, *P* \< .05) and non-LN SLE (66.68 ± 65.38 pg/mgCr, *P* \< .0001 and 7.20 ± 6.84 pg/mgCr, *P* \< .001).

The levels of uMCP-1 and uTWEAK varied in patients with different biopsy classification. The levels of uMCP-1 and uTWEAK were 111.12 ± 58.92 and 11.09 ± 7.78 pg/mgCr, respectively, in class II nephritis patients, 224.86 ± 168.70 and 14.44 ± 12.99 pg/mgCr in class III (including III+V) patients, 229.70 ± 130.04 and 18.36 ± 17.51 pg/mgCr in class IV (including IV+V) patients, 308.07 ± 248.98 and 33.80 ± 23.80 pg/mgCr in class V (including V+III and V+IV) patients. The subgroup analysis of uMCP-1 and uTWEAK in class V and V+III and V+IV LN did not reveal a significant difference (Supplementary Figure 1A and B). ANOVA showed that the overall difference of means of uTWEAK in the different pathological group was significant (*P* = .009). Post hoc test revealed a significantly higher level of uTWEAK in class V LN (*P* \< .01) and insignificantly higher level of uTWEAK class III LN (*P* \> .05) and IV LN (*P* \> .05) compared with that of class II LN (Fig. [1](#F1){ref-type="fig"}C). Although no significant difference, levels of uMCP-1 in class V (*P* \< .05), IV (*P* \> .05), and III patients (*P* \> .05) obviously increased than that of class II patients (Fig. [1](#F1){ref-type="fig"}D). In addition, levels of both uMCP-1 and uTWEAK were significantly elevated in renal active (rSLEDAI ≥4) patients rather than renal inactive (rSLEDAI \< 4) patients (uMCP-1, *P* \< .01; uTWEAK, *P* \< .01), while elevation of uACR was not significant (*P* = .083). (Supplementary figure 1C-E)

![Distribution of uMCP-1 and uTWEAK. (A) uMCP-1 significantly elevated in LN SLE patients compared with those in HC (*P* \< .0001) and non-LN SLE patients (*P* \< .0001). (B) uTWEAK significantly elevated in LN SLE patients compared with those in HC (*P* \< .05) and non-LN patients (*P* \< .01). (C) uTWEAK in class V patients were significantly increased, while class III and IV patients were insignificantly increased compared with that of class II patients (class V vs class II, *P* \< .01; class VI vs class II, *P* \> .05; class III vs class II, *P* \> .05). (D) Although not significant, the levels of uMCP-1 in class III, IV, and V patients were detected increasing compared with that of class II patients (class V vs class II, *P* \< .05; class IV vs class II, *P* \> .05; class III vs class II, *P* \> .05). rSLEDAI = renal Systemic Lupus Erythematosus Disease Activity Index; uACR = urine albumin/creatinine ratio; uMCP-1 = urinary monocyte chemoattractant protein-1; uTWEAK = urinary tumor necrosis factor-like inducer of apoptosis.](medi-97-e0343-g002){#F1}

3.3. Correlations of uMCP-1/uTWEAK and traditional parameters
-------------------------------------------------------------

Spearman correlation tests were conducted to test the corrections of uMCP-1 and uTWEAK with other renal damage related parameters (Table [2](#T2){ref-type="table"}). uMCP-1 was significantly correlated with rSLEDAI scores (*r*~s~ = 0.480, *P* = .002), 24-hr UP (*r*~s~ = 0.444, *P* = .005), uAlb (*r*~s~ = 0.394, *P* = .019), C3 (*r*~s~ = -0.381, *P* = .017), anti-dsDNA antibodies (*r*~s~ = 0.363, *P* = .023), and C4 (*r*~s~ = -0.322, *P* = .045). uTWEAK was correlated with rSLEDAI scores (*r*~s~ = 0.380, *P* = .017), 24-hr UP (*r*~s~ = 0.367, *P* = .021), and anti-dsDNA antibodies (*r*~s~ = 0.367, *P* = .021).
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Nearly half of the class V patients in our study were accompanied by class III or class IV LN. To further eliminate potential influence of class V+III or class V+IV patients, we also reanalyzed data of other groups and class V patients of pure membranous glomerulonephritis (Supplementary Table 1). The results also showed that both uMCP-1 and uTWEAK were correlated with rSLAEDAI scores (uMCP-1, *r*~s~ = 0.497, *P* = .004; uTWEAK, *r*~s~ = 0.331, *P* = .044) and 24-hr UP (uMCP-1, *r*~s~ = 0.435, *P* = .013; uTWEAK, *r*~s~ = 0.411, *P* = .019).

3.4. Comparisons of uMCP-1, uTWEAK, and uACR in proteinuria prediction
----------------------------------------------------------------------

The abilities of uMCP-1, uTWEAK, and uACR to screen proteinuria were evaluated by analyzing ROC curves. Twenty-four hour UP \> 0.15 g/day was defined as positive for proteinuria. ROC curves of uMCP-1, uTWEAK, and uACR to predict proteinuria were generated. As shown in Fig. [2](#F2){ref-type="fig"}, the black dashed, grey dashed line, and grey solid line represented uMCP-1, uTWEAK, and uACR, respectively. The black solid ROC curve represented the combined utility of uTWEAK and uMCP-1 with an algorithm of *Y* = 0.07^∗^*uMCP*-1+0.22^∗^*uTWEAK*-3.72. uMCP-1 had an AUC (area under ROC curve) of 0.730 and was moderately sensitive (70.0%) and specific (77.8%) for proteinuria prediction. uTWEAK showed higher specificity (88.9%) than the uMCP-1, but lower sensitivity (36.7%) (Table [3](#T3){ref-type="table"}). The combination of uMCP-1 and uTWEAK showed elevated AUC (0.767) with better sensitivity (76.7%) and higher specificity (88.9%), which was of equal specificity but less sensitivity than that of uACR (sensitivity; uACR vs combined model, 76.7% vs 80.0%).

![Receiver-operation characteristic curves of uMCP-1, uTWEAK, uACR, and combined model in assessing proteinuria. The black dotted, grey dotted, and grey solid ROC curves represented uMCP-1, uTWEAK, and uACR, respectively. The black solid ROC curve represented the combined model of uTWEAK and uMCP-1. The AUC (area under ROC curves) of the combined model was larger than those of the uMCP or uTWEAK (0.767 vs 0.730 or 0.626). AUC of uACR was larger than other models (0.841). Combined model: *Y* = 0.07^∗^*uMCP*+0.22^∗^*uTWEAK*-3.72. uACR = urine albumin/creatinine ratio; uMCP-1 = urinary monocyte chemoattractant protein-1; uTWEAK = urinary tumor necrosis factor-like inducer of apoptosis.](medi-97-e0343-g004){#F2}
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Reanalysis of other groups and class V LN patients of pure membranous glomerulonephritis was also carried out (Supplementary table 2 and Supplementary figure 2). The evaluation ability slightly increased for uMCP-1 (AUC increased from 0.730 to 0.745), uTWEAK (AUC increased from 0.626 to 0.635), and the combined algorithm (AUC increased from 0.767 to 0.792), while those of uACR decreased (from 0.841 to 0.839).

4. Discussion
=============

Protein in the urine not only serves as a reliable marker for SLE renal involvement but also initiates the tubulointerstitial fibrosis and deteriorate glomerular diseases.^\[[@R27]\]^ Measuring and assessing kidney involvement have therefore become vital parts of LN patients' evaluation. In the present study, we revealed that high levels of uMCP-1 and uTWEAK in untimed single urine MCP-1 and TWEAK were correlated with rSLEDAI and abnormal 24-hr UP, and proposed a new model to assess proteinuria.

uMCP-1 and uTWEAK were elevated in LN patients compared with HC and non-LN SLE. Both uMCP-1 and uTWEAK were elevated in LN active patients compared with inactive LN patients and were correlated to rSLEDAI score, which is an indicator of renal activity. These results suggested that uMCP-1 and uTWEAK elevated parallel to the severity of renal damage, confirming the previous discovery of the tight relationship between these 2 markers and renal damage.^\[[@R9],[@R22],[@R28]\]^

uMCP-1 demonstrated significant correlation with rSLEDAI scores, 24-hr UP, anti-dsDNA antibodies, C3, and C4, while uTWEAK was correlated with rSLEDAI scores, 24-hr UP, and anti-dsDNA antibodies.^\[[@R29],[@R30]\]^ Although C3, C4, and anti-dsDNA antibodies were more or less correlated with renal damage in LN, we did not put more focus on them as their predictive values show highly inconsistency.^\[[@R21],[@R31]--[@R33]\]^ At the same time, other traditional biomarkers, such as Cys-C, Cr, BuN, serum IgG, IgM, IgA, and ESR, etc, had been correlated with neither uMCP-1 nor uTWEAK.

For uMCP-1 and uTWEAK as individual analytes, their specificities and sensitivities were not satisfying (reach near 80%) at the same time. Consequently, it is very difficult to achieve both high specificity and sensitivity simply using 1 analyte, due to the heterogeneity of the LN at presentation.^\[[@R34]\]^ In addition, the present study showed that uTWEAK possessed high specificity to proteinuria, while uMCP-1 showed moderate sensitivity and specificity, indicating that the combined model may gather their advantages and enhance the assessment ability of proteinuria. Such hypothesis was verified by the fact that the combination resulted in the elevation of sensitivity to 76.7% and specificity to 88.9%, suggesting that the combination exceeded single utility of them.

As a matter of fact, albuminuria is sensitive to the measure of proteinuria and that untimed uACR was recommended in the diagnosing and evaluation of CKD patients.^\[[@R5]\]^ A comparison of uMCP-1, uTWEAK, and uACR was carried out. uACR was much better than the single utilization of uMCP-1 and uTWEAK, but only exceed the combination of them slightly in sensitivity (uACR vs combined model, 80% vs 76.7%). Furthermore, we found that elevation of uACR in renal active (rSLEDAI ≥4) compared with inactive patients (rSLEDAI \< 4) was not as significant as those of uMCP-1 and uTWEAK; Both uMCP-1 and uTWEAK were correlated with the rSLEDAI score, a reflection of renal involvement. These results suggested that uMCP-1 and uTWEAK have their advantages in evaluating renal involvement. The reason for this is that both uMCP-1 and uTWEAK are inflammatory factors, which are associated with not only proteinuria (from the result of our experiment) but also immune-related renal damage,^\[[@R20]\]^ while uACR may not possess such characters. Moreover, the measurements of uACR are mostly based on radioimmunoassay that requires high standard equipment and produces potential radiotoxicity to the technician. On the contrary, detection of uMCP-1 and uTWEAK could be simply carried out by ELISA, which is more money-saving and harmless. Above all, the utility of uMCP-1 and uTWEAK still hold the potential to be a screen test for proteinuria and renal involvement that will benefit both patients and hospital.

In our study, serum counterparts of uMCP-1 and uTWEAK had not been measured and compared. This mainly attributed to the notion that the correlations between serum levels of these parameters and LN activities were weak.^\[[@R35]\]^ Urinary biomarkers, which were either infiltrated through glomerulus or produced locally, could discern between renal manifestation and other organs' manifestations more accurately than their serum counterparts.^\[[@R14],[@R20]\]^ Also, Bland--Altman plots were not introduced in our research to analyze the agreement between 24-hr UP and urinary parameters, because they were more suitable to evaluate the agreements among 2 different instruments or 2 measurements techniques rather than 2 different parameters.^\[[@R36],[@R37]\]^ Nevertheless, future researches still need to concentrate more on the confirmation of our results as well as excavation of other potential evaluating biomarkers.

The numbers of class III and class IV patients enrolled in our study seemed small compared with that of class V in the study. The reason for this discrepancy is that renal biopsy in our center is carried out according to proteinuria \> 300 mg/day, which are more commonly seen in class V as our results shown. In addition, as for a repeat biopsy in the patients with partial/complete remission was hard to acquire approve from the ethics committee, no patients in remission were recruited in the study. However, the follow-up data of these patients in the future would provide the more details on the utility of uMCP-1 and uTWEAK in patients with LN.

In conclusion, we revealed that both uMCP-1 and uTWEAK were elevated in patients with active LN and were significantly corrected with 24-hr UP. The further statistical model suggested that combined utilization of untimed single uMCP-1 and uTWEAK could serve as screen examination for proteinuria in active LN patients.
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